In bacteria, the acyl moieties of the different classes of phospholipids are characterized by the absence of polyunsaturated fatty acids (3, 9, 16) . Alteration of the composition of the acyl chains of the membrane phosphatides results in a change in the physical properties of the membranes, as well as the function of constituent proteins; thus, it is not surprising that linoleic and linolenic acids act as antimicrobial agents when incorporated into culture medium (1, 10, 12) .
Further evidence indicating that the antimicrobial activity of the fatty acids reflects a change in the physical properties of the plasma membrane is the observation that some acetylenic fatty acids are active antimicrobial agents (4, 11, 13) .
In this instance, the antimicrobial activity varied with the derivative of the acid employed, the chain length of the molecule, and position of the acetylenic bond (11, 13) . The growth of gram-negative bacteria, Escherichia coli, but not yeast is inhibited by the N-acetylcystamine derivative of the 3-ynoic acids, 9 to 11 carbon atoms in chain length. The acetylenic derivative inhibits P-hydroxy decanoylthioester dehydrase, preventing biosynthesis of unsaturated fatty acids in the affected bacterium (13) . A relative strict specificity exists in that the free acid or the isomers having the acetylenic bond at carbons 2 or 4 are inactive (13) . In contrast, the 9-ynoic acid of similar chain length supports the growth of E. coli (14) . These observations, coupled with the demonstration that the 2-ynoic acids, 14 or 16 carbon atoms in chain length, are fungistatic (7), suggest that the position of the acetylenic bond may convey a microbial species specificity. Since certain bacterial species are considered to be uniquely involved in the development of the diseases of the mouth (6, 17, 19; A. C. R. Crawford, S. S. Socransky, E. Smith, and R. Phillips, J. Dent. Res. 56B:275, B120, 1977), the possibility that specific isomers of the ynoic acids might selectively inhibit the growth of a different class of microorganism is attractive to us. This report describes the effect of the 2-ynoic acids on the in vitro growth of specific gram-positive and gram-negative microorga- Growth assay. Bacterial growth as turbidity of the culture medium was evaluated with a Klett-Summerson colorimeter equipped with a no. 66 filter. After the initial inoculation and at appropriate time intervals thereafter, the cultures were mixed on a Vortex mixer for 5 s, and turbidity was determined. Each assay was run in quadruplicate on two separate occasions. The values presented are the means ± standard deviation of the individual assays. The initial inocula, 109 colony-forming units, were added to 7 ml of culture medium. All inocula were obtained from seed cultures grown to stationary phase in the respective media. Cultures were incubated at 37.5°C.
Effect of 2-alkynoic adds on the growth of S. mutans. Samples of 2-alkynoic acids of chain lengths from 4 to 16 carbon atoms were dissolved in 95% ethanol to provide stock solutions that were 0.1, 1, 5, 10, and 20 FM. In the growth assay, 30-,ul samples were removed from the stock solutions and injected from a microsyringe into 7 ml of the culture media. The minimal inhibitory concentration of 2-hexadecynoic acid for S. mutans was established as 28.6 ,M. This concentration was employed to compare the growth inhibitory effects of the several alkynoic acids against S. mutans. Preparation of the treated culture media, inoculation of S. mutans, and the method of assessing bacterial growth were the same as those described above.
Effects of 2-hexadecynoic acid treatment on the fatty acid composition of S. mutans. Bacteria were grown at 37.5°C for 18 h in Todd-Hewitt broth and the same media containing 2.4 ,uM 2-hexadecynoic acid. Cells were harvested by centrifugation (104 x g for 15 min in a Sorvall RC 2-B centrifuge) and washed three times with Hanks balanced salt solution. The final cell pellet was drained and weighed. Lipids were extracted from the pellet twice with chloroform-methanol 2:1 (vol/vol), and the residue was concentrated to dryness in a rotary evaporator at 37°C (5). The lipid residue was blanketed with nitrogen, dissolved in benzene, and stored at -60°C before lipid analysis.
The total lipid extract was weighed and resolved into three fractions, neutral lipids, glycolipids, and phospholipids, by chromatography on silicic acid (18) . The neutral lipid fraction was separated into its constituent classes by thin-layer chromatography on silica gel plates (8) . The free fatty acid fraction was eluted from the silica gel, and the acids were methylated and identified by gas-liquid chromatography (15) . In the phospholipid fraction, the esterified fatty acids were transmethylated and identified by gas-liquid chromatography (15) . Identification of the individual methyl esters was based on their relative retention times as compared with known standards on polar and nonpolar columns and confirmed by mass spectrometry.
Effect of 2-hexadecynoic acid on growth of cultured. HeLa cells. HeLa cells were cultured at 37.5°C in Eagle medium containing 10%o calf serum and added antibiotics at 37°C for 24 h. An inoculum of 1.8 x 106 cells was plated and incubated for 2 h before the addition of fresh media containing concentrations of albuminbound 2-hexadecynoic acid (10, 
RESULTS
Bacteria growth studies. Figure 1 depicts the growth response of an initial inoculum, 109 colony-forming units, of S. mutans in Todd-Hewitt broth containing graded concentrations of 2-hexadecynoic acid. With this microorganism, minimal growth was observed at an acid concentration of 14.3 p.M. The growth response of the other bacterial species was determined in a similar manner. The minimal inhibitory concentration of 2-hexadecynoic acid with these several species of microorganisms is presented in Table 1 . The effect of palmitic acid on the growth of each of these microorganisms was assessed at the minimal inhibitory concentration established for 2-hexadecynoic acid and at twice this concentration. In all instances, the addition of palmitic acid at either concentration did not alter the growth response of the bacteria from that observed with untreated cultures.
The growth response of S. mutans was also evaluated in the simultaneous presence of palmitic acid and 2-hexadecynoic acid. In this instance, the concentration of palmitic acid in the culture media was 28.6 ,uM, whereas that of the 2-hexadecynoic acid was concentration, no effect on bacterial growth was noted with 2-alkynoic acids, 9 carbon atoms or shorter in chain length. In the presence of 2-tetradecynoic acid, the reduction of turbidity of the culture media after 8 and 24 h averaged 12% of the control; in the presence of 2-hexadecynoic acid, no growth was noted.
Composition of free fatty acids and phospholipid fatty acids of S. mutans grown in the presence and absence of 2-hexadecynoic acid. The composition of the free fatty acids and phospholipid fatty acids from S. mutans grown in the presence and absence of 2-hexadecynoic acid is presented in Table 2 . It is apparent that the free fatty acids present in the untreated bacteria are primarily saturated, varying in chain length from 14 to 19 carbon atoms. Hexadecenoic and octadecenoic acids were the only unsaturated acids noted.
The esterified fatty acids from the phospholipids of the untreated bacteria were of chain length similar to those noted in the free fatty acid fraction. The only exceptions were that dodeca- noic and docosenoic acids were present in the phospholipids but not in the free fatty acid fraction, whereas the odd chain fatty acids, hepta-and nonadecanoic acids, were not noted in the phospholipids. In the same lipid fractions extracted from bacteria treated with 2-hexadecynoic acid, the acetylenic acid accounts for a large proportion of the total fatty acids present. The presence of this fatty acid in both lipid fractions indicates that 2-hexadecynoic acid was taken up from the culture medium by the treated cells and was utilized in the biosynthesis of complex lipids.
Effect of 2-hexadecynoic acid on growth of HeLa cells. 2-Hexadecynoic acid, when present in the culture medium in increasing concentrations, progressively inhibits the growth of cultured HeLa cells. However, if both palmitic and 2-hexadecynoic acid were present together, at the same concentration, inhibition of cellular growth was not noted ( Table 3) .
The effect of exposure to 2-hexadecynoic acid on the fatty acid composition of the cellular phospholipids was also evaluated. In the phospholipid fraction from both treated and untreated HeLa cells, palmitic, stearic, oleic, linoleic, Fig. 1 demonstrate that the growth of S. mutans decreases in proportion to the concentration of the 2-hexadecynoic acid in the culture medium. That this inhibition of growth was not unique to S. mutans was indicated by the results presented in Table 1 . 2-Hexadecynoic acid was shown to inhibit the growth of a number of gram-positive microorganisms as well as some gram-negative species. The lack of growth inhibition noted with E. coli was similar to that reported before, where the 2 positional isomer of either the free acid or the Nacetylcystamine derivative did not inhibit the growth of this bacterium (13) . In contrast to the results reported elsewhere for the gram-negative bacteria (13), the free acid was an effective inhibitor of the gram-positive bacteria. A further difference from the results obtained previously was the chain length specificity of the acetylenic acid. In this instance, 2-hexadecynoic acid was the most active species, whereas with the 3-alkynoic acids, the most active antibacterial species varied in chain length from 9 to 11 carbon atoms (13) .
The compositions of the free fatty acids and acyl moieties from the phospholipids of S. mutans were relatively similar. However, the presence of species having an odd chain length in the free fatty acid fraction and eicosenoic acid in the phospholipid fraction indicates a specificity with respect to the fatty acids that are utilized for complex lipid biosynthesis in this bacterium. The exogenous 2-hexadecynoic acid was readily absorbed and utilized in the synthesis of phospholipids by S. mutans. This was indicated by the qualitative composition of the free fatty acids and acyl moieties of the phospholipids isolated from cells grown in the presence of 2-hexadecynoic acid. In these cells, the acetylenic 
